People and animals are constantly exposed to the harmful effects of Ochratoxin A (OTA) inducedtoxicity, by food. Despite the numerous scientific developments, the problems about damageable effect remain unsolved. The aim of this report is to evaluate and discuss the high protective and antioxidant properties of some Indian Ayurvedic plants (Curcuma longa, Tinospora Cordifolia and others) against OTA induced toxicity in blood and organs.
INTRODUCTION

Mycotoxins.
The natural antioxidants increasingly are used for therapeutic purposes, worldwide. However, various pollutants and harmful micotoxins located mainly in food and feed permanently damage the health of animals and humans. Over the last decades, has been explored the possibility of preventing the toxic effects of various mycotoxins by combining them with endogenous antagonist components contained in medicinal herbs and spices [1] . Mycotoxins are group of structurally diverse fungal secondary metabolites belonging to the Aspergillus, Penicillium and Fusarium species. As metabolising agents they participate in the food chain through contaminated cereals or animal products (feed). Mycotoxicosis is the major health problem caused by mycotoxins, but mycotoxin-induced physiological, immunological and other disorders were observed.
Aflatoxins, fumonisin B1, deoxynivalenol, zeralenone, T2 toxin and spesially ochratoxin A (OTA) were the most studied mycotoxins [2, 3, 4] . Given their _________________________ Based on these facts, this critical review focuses on the modulative action of some natural Ayurvedic plants -antioxidants on in vitro and in vivo ochratoxin A toxicity, at the molecular and cellular level.
Ochratoxin-A.
is an organic soluble mycotoxin, territorially recognizable and detected at all stages of the food chain (cereals, meat, fruit, coffee, etc.) due to favorable weather conditions, additional humidity, improper storage of food components [6, 7] .
The complicated OTA toxic action is not the fully elucidated, but possibly lead to the induction of oxidative stress, inhibition of protein synthesis, formation of DNA adducts, which is known for its genotoxicity and carcinogenicity, apoptosis, cell cycle arrest [8, 9] . The complete OTA elimination from contaminated food is practically impossible due to its high thermal stability [10] , full absorption from the gastrointestinal tract, and resulting in a longer half-life in the body [8, 11] . The multiple previous epidemiological studies have been shown to OTA predisposes to tumors in animals involved in the pathogenesis of a large number of human nephropathies, renal toxicity and proven carcinogenicity [10] . The OTA also has an adverse effect on production of energy followed by the cellular dysfunction and a sharp reduction in protein synthesis and electron transport [11, 12] , predisposing to oxidative changes. OTA oxidative damages is probably due to a number of chemical processes in the cell, activation of peroxidases, and the preparation of phenoxyl and superoxide anion radicals, resulting in additional cell-oxidative stress and destruction [13] . Many authors emphasize that the OTA leads to excessive formation of reactive oxygen species (ROS), such as the superoxide anion (O 2 •), hydroxyl radical (•OH) and peroxide (ROO•), and irreversible oxidative damage to lipids, proteins and DNA damages, in in vitro and ex vivo models [5, 6] . Attentive data analysis has shown that OTA-treated cells simultaneously increase ROS levels, reactive nitrogen species (RNS) and peroxynitrite formation (ONOO-) [13, 14] . The elevated OTA toxicity strongly correlated with reducing the protein activators levels and additional cytoprotective enzymes, followed by lowering the antioxidant defense system in the cells or body [6, 15] . Belmadani et al have shown that the toxic OTA effects were due to prolonged oxidative damage processes in mammalian cell lines and primary cells [16] . Few previous studies have reported a decrease in lipid peroxidation and oxidative changes in animals treated with OTA and natural antioxidants compared to animals treated with OTA, alone [17] . Several research groups showed that the flavonoid aglycones such as galangin and quercetin can significantly suppressed OTA-induced cytotoxicity and oxidative stress. [18, 19] . Aim of our previous study [20] was to verify whether OTA can induce oxidative processes causing overproduction of ROS, reactive nitrogen species (RNS), and subsequent lipid and per oxidative lesions that ultimately lead to oxidative stress in organs and blood. Мale ICR albino mice were included in the control diet supplemented with OTA. After 28 days of treatment the mice were killed and the spleen and blood plasma of each mouse are collected and homogenized to assess biochemical parameters in urine and plasma. Furthermore, the EPR analysis showed that OTA administration caused significantly increased levels of Ascorbate (Asc) and NO radicals and ROS production, as well as damage of the antioxidant defense system. It was also observed that OTA chronic consumption induced a significant increase in 8-OHdG production, which probably due to DNA fragmentation in the studied spleen tissue. These results confirmed that OTA exhibited toxicity to different organs but most susceptible to its toxicity was the spleen [5, 14, 15] .
Ochratoxin A Toxicity: The Protective activities of Ayurveda herbal antioxidants.
A number of in vitro and in vivo studies have been carried out to eliminate or reduce OTA toxic levels in foods and human health, using physical (division, sorting, purification), chemical (ammonium, hydrolyze, bisulfites, ozone) and microbiological (A. niger strain, lipase, metalloenzyme) methods [21] . Antioxidants of different nature that counteract the toxicity and carcinogenicity of mycotoxins are described in a number of studies. Various food antioxidant supplements, as melatonin, ascorbic acid, retinol, tocopherol, and others were used, as protectors against OTA-toxicity [21a; 21b]. Antioxidant herbal control of mycotoxin contamination is the best method of protection. Indian traditional herbs from the system of Ayurveda, known for their advantages and therapeutic potential and security [22] have been used for strengthening the body/immune system to fight against various diseases [23] . Herbal antioxidants have proven anti-inflammatory, antibacterial, antiviral and antifungal properties, proven in people suffering from colds, allergy and rheumatoid diseases; bacterial and skin infections, chemical intoxication [24] and useful for treating cancer diseases. In the present decades of antibiotic resistance, high toxicity of synthetic drugs and side effects residues in food, natural remedies are better suited for animal and human health. The majority of natural agents were in vitro and in vivo studied with proven benefits, low cost and general safety [25] . The main advantages of herbal medicine in comparison with conventional medicine is to identify and treat the root cause of the disease with minimal side effects, easy administration of herbs as a tincture, tea or mixed with food/ water and not least without drug resistance and serious consequences environment [25, 26] . Ayurvedic herbs as typical antioxidants comprise multiple bioactive molecules (alkaloids, steroids, diterpenoid lactones, aliphatics, glycosides, polyphenols, theaflavins, vitamin C, carotene, fluoride, zinc, selenium), which prevent the disease conditions, stimulate the immune system and increase the ability on protection against cancer [25] .
The aromatherapy with essential oils extracted from various parts of Ayurvedic herbs has proven therapeutic effect in cancer treatment [22] , lower cytotoxicity, carcinogenesis, and also strong free radical scavenging properties against reactive oxygen/ nitrogen species, and oxidative stress elimination [27, 28, 29] . Plant antioxidants are able to reduce oxidative stress either by scavenging ROS or repairing damages. Many studies have shown that the presence of highly active biomolecules (alkaloids, polyphenols) in aqueous-/ alcoholic extracts of Indian herbs possess detoxicative effect against OTA and protection of aflatoxininduced organ toxicity [5, 29, 30, 31] .
Regulation of the Ochratoxin-toxicity by Ayurvedic Plants
The main purpose of this review is briefly to describe the need to use ayurvedic plants as reducing agents of toxicity and oxidative damage caused after the OTA application. Ayurvedic plants have the ability to stimulate the antioxidant and potential defense mechanisms of the body from poisoning due to OTA, traditional use and modern trends.
Withania somnifera L.
Botanical name-Withania somnifera; Natural order -Solanales; Family-Solanaceae; Indian name -Ashwagandha, Apocynaceae, Indian ginseng, available in the form of fine powder, is a well-known herb possessing several therapeutic activities and maintaining general health like: immunomodulation, diuretic, rejuvenator, stress reliever, anticancer, anti-epileptic, cardio-respiratory endurance enhancer, anti-ageing, hypoglycemic, antioxidant. As powerful antioxidant and detoxifying agent is possible to protect cellular damage caused by free radicals and oxidative stress [32] . After a lengthy administration of Withania somnifera (17 weeks) have been registered a decrease in cyclophosphamide-induced leukopenia. New research reported that the potential of the natural antioxidant is in the regulation of the metal-induced toxicity and lipid peroxidation and also the significant reduction of Ochratoxin-A induced suppression of the chemotactic activity as well as interleukin IL-1 and TNF-alpha [32, 33] .
Tinospora cordifolia Miers -Natural order-Liliaceae;
Ranunculales; -Family-Menispermaceae; Indian name: guduchi, amrta, cinnodbhava, Amruthu, Chittamruthu, used as typical antioxidant, has been appreciated as an important drug of the Indian system of medicine and used in Ayurvedic preparations as a compound with a variety of active components (alkaloids, steroids, diterpenoid lactones, aliphatics, and glycosides). This herb possesses antistress, antidiabetic, antiulcer, anti-oxidative, hepato-and radioprotective properties. Extracts of this plant are thought to be inducers of other antioxidant agents and significant reducers of chemotherapy-induced free radical toxicity and lipid peroxidation levels. They show also a detoxifying effect against OTA toxicity and protect against aflatoxin-induced organ toxicity [10, 34] .
Asparagus racemosus Willd. -Botanical name: Asparagus racemous; -Natural order: Liliaceae; -Indian name: Shatavari; Satavari, Satawar or Satmuli, used in traditional Ayurveda, for its highly mucilaginous, galactogogue, diuretic, nutritive, tonic, demulcent, antiulcer, antitussive, antibacterial, antioxidant activities and for stress-related immune disorders. The fresh extract was shown to exert a strong inhibitory effect on pro-inflammatory cytokines and tumor necrosis factor (TNF), and on the production of nitric oxide and inhibition of OTA-induced toxicity [25, 35] . Extracts of Asparagus racemosus, Tinospora cordifolia and other plants significantly inhibited carcinogen OTA-induced suppression of chemotactic activity and production of IL1and TNF-α [36] .
Curcuma longa L. -Botanical name: Curcuma longa; -Natural order: Zingiberales; -Family:
Zingiberaceae; -Indian name: Haldi; Indian saffron; yellow ginger, used in traditional Indian herbal medicine has strong anti-inflammatory effect and is used for: skin diseases, constipation, internal injuries, eye diseases, wounds, galactagogue, external parasites, mastitis, cold, bone fractures, foot, hematuria and stomach pains. Curcumin, as the main component in the plant structure, possesses antioxidant activity and exerts anticancer effects in ovarian, skin, colon and duodenum. It was also used as an anti-Alzheimer agent, as hypoglycemia and hepato-protector. Many authors have reported that after testing of Curcuma Longa powder (feed additive) is achieved decreasing the overall OTA-toxicity and hepatoprotective impact of raising chickens [37, 38] . Generally, the use of Curcuma Longa, as an antioxidant and protector, led to a decrease of the intensity of histopathological changes; change the weight of the bodies, an increase in body weight and an improvement of hematology and biochemical parameters [38] . Powder alleviated AFB1-suppressed antioxidant activity, such as peroxides and superoxide dismutase (SOD) activity, and total antioxidant concentration in liver homogenates. Gowda et al., 2008 ported that the powder of yellow ginger alleviates superoxide dismutase and antioxidant activity concentration in the liver homogenates, after exposure to aflatoxins [39] .
Glycyrrhiza glabra L. -Botanical name: Glycyrrhiza glabra; -Natural order: Fabales; Family: Fabaceae; Liquorice; Ayurvedic plants, used commonly for various purposes as: inhibits ROS generation, antiinflammatory agent, anti-viral activity against HIV, potent immune-modulator and antioxidant [25] . Glycyrrhiza glabra extracts have been used in traditional medicine for increased blood pressure, hypokalemia and muscle weakness [40, 41] . Malekinejad et al., reported that Glycyrrhiza glabra compounds minimized the detrimental effects of OTAinduced toxicity in affected organs [42] and ameliorate OTA-induced cellular oxidative stress.
In addition, most of the main components in the herbs have a positive influence on the actions of mycotoxins as natural countervailing factors [1] . Herbal medicines such as antagonizing components by blending with OTA-mycotoxins, lead to metabolic inactivation аnd reduce the toxicity induced by the mycotoxins [1] .
CONCLUSION
Due to their extensive pharmacological activities, interest in the use of herbal medications is constantly grows in modern medicine. Using of a correct dosing regimen for the powerful antioxidants, and effective monitoring, leads to an increase in their therapeutic efficacy. They by contrast exhibit as strong protectors, neutralizing OTAinduced toxicity and oxidative stress levels. Indian Ayurvedic herbs have an immense practical application in veterinary medicine and biomedicine, and powerful role in health maintaining.
